The present study was carried-out at Antoniades Research Branch, Horticultural Research Institute, A.R.C. Alexandria, Egypt, during the two successive seasons of 2017 and 2018. The aim of this study was to evaluate the effects of different irrigation intervals and shading treatments on growth quality of Beaucarnea recurvata plants grown in mixture soil of sand and clay1:1(v/v). An experiment was established to test the effect of four irrigation intervals (7, 14, 21 and 28 days) and one irrigation level was used to keep the soil moisture at the field capacity of the mixture soil at 100%, in addition to three levels of shading (0, 30, and 60 %). Data showed that the lowest irrigation intervals (7days) had given the highest results, while shading (30%) had given the highest effects on the vegetative growth and chemical constituents. Regarding the interaction between effect of irrigation intervals and different shading treatments on the vegetative growth and chemical constituents, the results showed that the highest mean values in the number of leaves, leaves dry weights, leaves area, stem diameter, caudex diameter, stem dry weight, caudex dry weight, root length, root dry weight, carbohydrates, Nitrogen, Phosphorus and Potassium, were obtained in irrigation intervals (7 days) and shading (30%). While, the results showed that the greatest plant height and total chlorophylls, were obtained in irrigation intervals (7 days) and shading (60%). In addition, the highest proline content were obtained in irrigation intervals (28 days) and shading (0%) and highest relative water content were obtained in irrigation intervals (28 days) and shading (60%).
INTRODUCTION
Beaucarnea recurvata is a plant with a confused identity. It is one of seven species in the genus Beaucarnea. The group has been included in the family Asparagaceae. Regardless of its taxonomic designation, this group of small tropical trees is native to Mexico, Brazil and Guatemala. Ponytail palm, Beaucarnea recurvata (or Nolina recurvata) from semi-desert areas of southeastern Mexico, is the species often grown as a low-maintenance houseplant in temperate climates, as well as being used as a landscape specimen in dry, warm climates. This plant can grow to 30 feet tall, but in containers remains much shorter. Its trunk has a flared, enlarged base (a globose caudex) suggestive of an elephant's foot. The caudex can eventually get up to 12 feet across, and often develops fissures or crackles on the gray surface, furthering the pachyderm comparison. The swollen trunk serves to store water, allowing the plant to survive extended droughts. It begins with a single stem, but will branch with age and after flowering. The plants also will branch if broken off or cut when small (less than 6 inch diameter); growers of ornamental plants often do this while plants are dormant in order to produce three-headed plants. The evergreen leaves are long and strap-or grasslike. On mature plants they can be up to six feet long and only an inch wide, but are much shorter on smaller plants. They are rather tough and leathery, with very finely serrated edgessharp enough to cut skin. The rosette of leaves emanates from the top of the trunk or ends of the branches, and gracefully cascade down like a green fountain. On many plants the leaves twist or curl slightly when longer, giving the plant an interesting, flowing look. Older leaves eventually turn yellow and dry up; these can be removed (Rivera-Lugo & Solano, 2012) .
One of the most important factors affecting plant growth and production of secondary metabolites is water supply (Randhawa et al., 1992) . Flevas and Medrano (2002) mentioned that moisture deficiency induces various physiological and metabolic responses like stomatal closure and decline in growth rate and photosynthesis. Water supply is an important factor affecting growth and metabolic activities in plant species. It has generally negative effect on plant growth and development. However, there are reports on the positive effect of limited water supply, as far as the biosynthesis of secondary metabolites, enzyme activities and solute accumulation is concerned (Singh-Sangwan et al., 2001) . Water deficit is a limiting factor in the production of many field crops, as well as water stress causes different morphological, physiological and biochemical changes including leaf area reduction, leaf senescence and reduction in cell development (Kafi and Damghani, 2001) . Also, drought led to biochemical disorders and can change plant behaviors regarding the biosynthesis of primary and secondary metabolites. Lipids are vital to cell functions and plasma membrane may be the primary site of drought damage and it has been shown that water deficit results in a great modifications of membrane fatty acid composition in many crops (Laribi et al., 2009 Bourgou et al., 2011) .
Shading nets are used in tropical and subtropical countries for vegetable production (Castellano et al., 2008 , Ilic et al., 2012 and Kittas et al., 2012 . There is, however, little information on use of shading for vegetable production in the southeast United States over the past 40 years (Boyhan et al., 2008) . Studies showed that shading increases plant growth and yield in bell pepper (Rylski and Spigelman, 1986) . Shading also reduces water requirements and increases irrigation water use efficiency in peppers. The study evaluated the effects of shade level on the bell pepper crop microenvironment, plant growth, leaf gas exchange, and mineral nutrient content (Moller and Assouline, 2007) .
Shading also reduces water requirements and increases irrigation water use efficiency (Moller and Assouline, 2007) . Thus, the aim of this work was to evaluate Beaucarnea recurvata plants under different irrigation intervals and different levels of shading.
MATERIAL AND METHODS
The present study was carried-out at Antoniades Research Branch, Horticultural Research Institute, A.R.C. Alexandria, Egypt, during two successive seasons of 2017 and 2018. The aim of this study was to evaluate the effects of different irrigation intervals and shading treatments on growth quality of Beaucarnea recurvata plants grown in mixture soil under the circumstances of Alexandria.
On the 15 th of February 2017 and 2018 in the first and second seasons, respectively, homogeneous seedlings of Beaucarnea recurvata (48-52 cm height and with number of leaves 20-25 per plant) were planted individually in plastic pots (20 cm diameter) filled with 7 kg of mixture of sand and clay1:1(v/v). The chemical constituents of the soil were measured as described by Jackson (1958) and presented in Table ( A). On the 1 st of March in the first and second seasons, the irrigation intervals and shading treatments were initiated. On 30 th of October in both seasons, the data on Beaucarnea recurvata plants were calculated.
Tap water was used as a source of irrigation water. Four irrigation intervals were used and one irrigation level was used to keep the soil moisture at the field capacity of the mixture soil at 100%. The moisture level was determined by using Moisture Tester Model KS-DI (Gypsum Block) during growing season. At the end of the experiment, the total amount of irrigation water for each pot was calculated and presented in Table (B) , as described by Israelsen and Hansen (1962) . Shading was created by nets which reduced the incoming solar radiation by 30% and 60%. The die rent shading levels were compared with full sunlight (0% shade). The nets were made of polyethylene and were green and had different mesh sizes to create the different shading levels. Nets were installed at the start of irrigation treatments, on 1 st March in the first and second seasons, respectively. Nets were clipped on to steel wires, which were connected between wooden posts. The height of the nets could be adapted to the plant growth, and was 1. 5 meter in height. A distance of 0.5 m between the plants and canopy surface was guaranteed. Table (C) shows the total incoming daily solar irradiance at the experimental site from the start of treatments for each experimental year and the theoretically reduced incoming total solar irradiance under the shading nets.
In both seasons, all plants received NPK chemical fertilization using soluble fertilizer at the rate of 2 g/ pot. Fertilization was repeated every 28 days throughout the growing season (from the 15 th of March till the 30 th of October). In addition, weeds were removed manually upon emergence.
Data recorded (1) Vegetative growth parameters:
Plant height (cm), leaves number per plant, leaves area (cm 2 ) according to Koller (1972) , leaves dry weight per plant (g), stem diameter (cm), Caudex diameter (cm), stem dry weight (g), Caudex dry weight (g), root length (cm) and root dry weight (g).
(2) Chemical analyses:
-Chlorophyll contents were determined as SPAD unit in the fresh leaves of plants for the different treatments under the experiment at the end of the season using Minolta (chlorophyll meter) SPAD 502 according to Yadava (1986) .
-Carbohydrate contents of the leaves were determined according to Dubios et al.) 1956(.
-Relative water content of leaves (%) in the fresh leaves was determined according to Barrs (1968) and Ritchie (1974) .
-Proline content (% of dry matter) in the leaves was determined according to Bates et al., (1973) .
-Nitrogen, phosphorus and potassium in the leaves were determined according to the methods described by Allen (1959) , Jackson (1962) and Champman and Pratt (1961) , respectively. The experimental design was split plot with three replicates. Each replicate contained three plants. The main plot was irrigation intervals concentration, while the subplot was shading treatments. Data were subjected to analysis of variance (ANOVA) using the SAS program (SAS Institute, 2002) . The Means of the individual factors and their interactions were compared by L.S.D test at 5% level of probability according to Snedecor and Cochran (1989) .
RESULTS

Plant height and leaves characteristics:
Data presented in Table ( 1) showed that the lowest irrigation intervals (7days) gave the highest plant height (70.38 and 81.60 cm), as well as each of the number of leaves (46.66 and 54.05 leaves per plant), leaves dry weights (3.35 and 3.88 g) and leaves area (1418.77 and 1680.50 cm 2 ) in the first and second seasons, respectively. On the other hand, the highest irrigation intervals (28days) produced the lowest plant height (65.44 and 76.49 cm), each of the number of leaves (43.22 and 50.66 leaves per plant), leaves dry weight (3.11 and 3.64 g) and leaves area (981.23 and 1149.95 cm 2 ) in the first and second seasons, respectively.
Also, the data presented in Table ( 1) showed that, the different shading treatments had a significant effect on Beaucarnea recurvata plants. Shading (60%) gave the highest plant height (69.99 and 80.91 cm) and shading (30%) had given the highest number of leaves (46.25 and 53.45 leaves per plant), leaves dry weights (3.33 and 3.84 g) and leaves area (1261.08 and 1457.32 cm 2 ) in the first and second seasons, respectively, compared with control plants shading (0%) that recorded the lowest plant height (65.91 and 78.87 cm), Table C . The calculated total solar irradiance for the shading treatments (Lux) during the without shading, the 30% with shading and the 60% with shading, in the two seasons 2017 and 2018.
Shading levels (%)
Months of the first and second seasons (Lux) March
April May June July August September October  0%  5720  6710  7590  8750  10460  12210  11590  9130  30%  4510  4830  5670  5830  6970  8140  7960  6090  60%  2340  2400  2980  2910  3480  4080 4490 3080 Regarding the interaction between effect of irrigation intervals and shading treatments on the leaves characteristics, the data in Table ( 1) showed that the lowest mean values in the plant height (63.33 and 74.83 cm), were obtained in plants irrigated at (28 days) and shading (0%), while lowest leaves number were (41.83 and 49.50 leaves per plant), leaves dry weight were (3.01 and 3.56 g) and leaves area were (891.89 and 1055.34 m 2 ) in the first and second seasons, respectively, were obtained in plants irrigation intervals (28 days) and shading (60%), On the other hand, the highest mean values in the plant height (71.83 and 83.00 cm), were obtained when plants were irrigated at (7 days) intervals and shading (60%), while leaves number were (47.50 and 54.83 leaves per plant), leaves dry weight were (3.42 and 3.95 g) and leaves area were (1518.11 and 1754.98 m 2 ) were recorded in plants irrigation intervals (7 days) and shading (30%), in the first and second seasons, respectively.
Stem characteristics
Data in Table ( 2) showed that increasing the irrigation intervals caused a significant reduction in the stem characteristics. The highest significant reduction was obtained from the biggest irrigation intervals (28 days) which gave stem diameter (1.84 and 2.32 cm), caudex diameter (47.72 and 60.14 cm), stem dry weight (25.65 and 29.99 g) and caudex dry weight (34.22 and 40.00 g) in the first and second seasons, respectively, compared with lowest irrigation intervals (7 days) which gave highest stem diameter were (2.06 and 2.54 cm), caudex diameter were (53.47 and 65.88 cm), stem dry weight were (27.59 and 31.99 g) and caudex dry weight were (36.80 and 42.67 g) in the first and second seasons, respectively. In contrast to the effect of irrigation intervals treatments, shading treatments improved growth of Beaucarnea recurvata plants. The lowest significant result was obtained from (30%) shading which gave the highest stem diameter (2.04 and 2.51 cm), caudex diameter (52.87 and 65.10 cm), stem dry weight (27.44 and 31.63 g) and caudex dry weight (36.60 and 42.20 g) in the first and second seasons, respectively, compared with control value which gave the lowest stem diameter (1.99 and 2.48 cm), caudex diameter (51.65 and 64.20 cm), stem dry weight (26.95 and 31.33 g) and caudex dry weight (35.95 and 41.79 g) in the first and second seasons, respectively.
Regarding the interaction between effect of irrigation intervals and shading treatments on stem characteristics, the data in Table ( 2) showed that the highest mean values in the stem diameter were (2.12 and 2.61 cm), caudex diameter were (54.92 and 67.45 cm), stem dry weight were (28.16 and 32.53 g) and caudex dry weight were (37.56 and 43.40 g) in the first and second seasons, respectively, were obtained in plants when irrigation intervals were (7 days) and shading (30%), while the lowest mean values in the stem diameter were (1.75 and 2.25 cm), caudex diameter were (45.41 and 58.28 cm), stem dry weight were (24.83 and 29.34 g) and caudex dry weight were (33.12 and 39.13 g) were obtained in plants irrigation intervals (28 days) and shading (60%) in the first and second seasons, respectively.
Root characteristics
Data presented in Table ( 3) showed that irrigation intervals significantly decreased the root characteristics of Beaucarnea recurvata plants. Plants irrigated at (7 days) intervals had the highest mean root length (17.81 and 20.65 cm) and root dry weight (13.71 and 15.89 g) in the first and second seasons, respectively, while the lowest root length of (16.55 and 19.36 cm) and root dry weight of (12.74 and 14.90 g) in the first and second seasons, respectively, were obtained from plants treated with irrigation interval (28 days). Data in Table ( 3) indicated that the different shading treatments had a significant effect on the root characteristics. Plants shaded with (30%) gave the highest mean root length (17.71 and 20.42 cm) and root dry weight (13.63 and 15.72 g) in the first and second seasons, respectively, compared with the plants shaded with (60%) which gave the lowest mean root length of (16.70 and 20.05 cm) and root dry weight of (12.86 and 15.43 g) in the first and second seasons, respectively.
Regarding the interaction between the effect of irrigation intervals and different shading treatments on the root characteristics, data in Table ( 3) showed that the highest mean values in the root length (18.18 and 21.00 cm) and root dry weight (13.99 and 16.17 g) in the first and second seasons, respectively, were obtained in plants following using the irrigation interval (7 days) and shading (30%), while the lowest mean values in the root length of (16.02 and 18.94 cm) and root dry weight of (12.33 and 14.58 g) in the first and second seasons, respectively, were obtained in plants which received irrigation interval at (28 days) and shading at (60%).
Chemical constituents 4.1. Total chlorophyll (SPAD) and carbohydrate contents (%)
The results presented in Table ( 4) showed that the highest content of total chlorophyll were (36.99 and 42.89 SPAD) and carbohydrate contents (5.23 and 6.07 in the first and second seasons, respectively, were obtained at irrigation intervals of (7 days). Increasing irrigation intervals to (28 days) resulted in steady significant reductions in the total chlorophyll contents (34.39 and 40.20 SPAD) and carbohydrate contents (4.87 and 5.69 %) in the first and second seasons, respectively.
Moreover, Table (4) illustrated that the different shading treatments had a clear positive effect on the total chlorophyll and carbohydrate contents. Highest mean values of total chlorophyll (36.82 and 42.53 SPAD) were obtained at (60%) shading and carbohydrate contents (5.20 and 6.00 %) were obtained at (30%) shading in the first and second seasons, respectively.
Data in Table (4) clearly showed that a significant interaction was detected between the effects of irrigation intervals and different shading treatments on total chlorophyll and carbohydrate contents in Beaucarnea recurvata plants. The highest total chlorophyll contents of (37.76 and 43.63 SPAD) were obtained in plants irrigated at (7 days) intervals and (60%) shading and carbohydrate contents of (5.34 and 6.18 %) were obtained at irrigation interval of (7 days) and shading of (30%) in the first and second seasons, respectively. On the other hand, the lowest chlorophyll contents (33.30 and 39.35 SPAD) were obtained in plants irrigated at (28 days) intervals and (0%) shading and carbohydrate contents of (4.71 and 5.57 %) were obtained in plants irrigated at (28 days) interval and (60%) shading in the first and second seasons, respectively.
Proline content (mg/g D.W) and relative water content (%)
The results presented in Table ( 4) showed that the lowest mean of proline content (1.28 and 1.32 mg/g D.W) and relative water content (49.65 and 46.38 %) in the first and second seasons, respectively, were obtained in plants irrigated at (7 days) intervals. Increasing irrigation intervals to (28 days) resulted in steady significant increase in the proline content (2.45 and 2.41 mg/g D.W) and relative water content (74.46 and 70.40 %) in the first and second seasons, respectively.
Moreover, Table (4) illustrated that the different shading treatments had a clear positive effect on the proline content and relative water content. Highest mean values of proline content (1.95 and 1.98 mg/g D.W) were obtained at (0%) shading , while the relative water content (63.87 and 60.62 %) were obtained at (60%) shading in the first and second seasons, respectively. (4) clearly showed that a significant interaction was detected between the effects of irrigation intervals and different shading treatments on proline and relative water content in Beaucarnea recurvata plants. The highest proline content (2.46 and 2.44 mg/g D.W) was obtained in plants irrigated at (28 days) intervals and (0%) shading, while the relative water content of (76.24 and 71.50 %) was obtained in plants when irrigation intervals of (28 days) and shading at (60%) were used in the first and second seasons, respectively. On the other hand, the lowest proline content of (1.20 and 1.25 mg/g D.W) was obtained in plants applied with irrigation intervals at (7 days) and shading at (60%), while the relative water content of (43.63 and 42.03 %) was obtained in plants treated at (7 days) intervals and shading at (0%) in the first and second seasons, respectively.
Nitrogen, Phosphorus and Potassium contents in leaves (%)
Table (5) showed that, the percentages of nitrogen, phosphorus and potassium contents in dried leaves of Beaucarnea recurvata plants have decreased steadily with increasing the irrigation intervals. The highest percentages of nitrogen (2. 16 and 2.51 %), phosphorus (0.216 and 0.252 %) and potassium (2.35 and 2.70 %) in the first and second seasons, respectively, were found in plants at irrigation interval of (7 days), whereas the lowest mean values of nitrogen (2.01 and 2.35 %), phosphorus (0.201 and 0.236 %) and potassium (2.21 and 2.54 %) in the first and second seasons, respectively, were found in plants that were irrigated with irrigation interval (28 days).
Table (5) showed that shading treatments had a clear positive effect on the percentage of nitrogen, phosphorus and potassium content in plants. Plants shaded at (30%) had the highest nitrogen content in their leaves (2.15 and 2.48 %), Baher et al. (2002) reported that uttermost soil water stress reduced plant height, total fresh and dry weight of Satureja hortensis. While, Leithy et al. (2006) found that, exposing rosemary plants to water stress led down to a decrease in growth parameters at different cuts. El-Naim and Ahmed (2010) found that frequent irrigation intervals (7 days) improved vegetative growth, i.e. plant height, stem diameter, number of leaves per plant, leaf area index and shoot dry weight of sunflower. Bettaieb et al. (2012) found that cumin plant treated with moderate water deficit (MWD) improved the quantity of umbels per plant likewise the number of umbellets per umble and also the seed yield, compared to the management plant, however it reduced underneath severe water deficit (SWD). El-Mekawy (2013) on herbaceous plant Achillea santolina L. showed that irrigation each seven days, extremely improved the number of branches per plant, plant height, fresh and dry weight of herb/plant, fresh and dry weight of roots/plant compared to irrigation each fourteen and twenty one days. Silva et al. (2010) Lal et al. (2013) on lemon grass and Vazin (2013) on cumin plant found that providing the plants with appropriate water amounts resulted in higher growth and yield than those mature underneath drier conditions. The previous results are in line with the results obtained in this experiment.
DISCUSSION
The results of the current research go in harmony with those of Farooq et al. (2009) rumored that drought stress reduces plant growth by numerous physiological and organic chemistry processes, like photosynthesis, respiration, translocation, ion uptake, carbohydrates, nutrient metabolism and growth promoters. El-Azim et al. (2009) on Peganum harmala L. mentioned that prolonging the irrigation interval from ten to thirty days, led to that the share of crude protein, total ash, potassium and total flavonoids in plant tissues were minimized (Ekren et al., 2012) . Exposing rosemary plant to water stress led to a decrease in N, P, K, and protein contents. Amirjani (2013) explicit that seedlings of Catharanthus roseus subjected to four completely different water regimes. The primary irrigation was each one week, the second treatment was each fortnight, the third treatment was irrigation each 3 weeks, whereas the control plants were irrigated every day. The photosynthetic activity and transpiration rate considerably minimized with increasing drought level. Total protein decreased to seventy seven and total pigment decreased by twenty seventh.
The best treatment was with the irrigation every one week. The trend of results united with those obtained by Leithy et al. 2006 on rosemary plant, Bettaieb et al. 2012 on cumin plant and El-Mekawy (2013) on herb genus Achillea santolina L. and El-Tahir et al. (2011) according that, this could result to very important roles of water system at adequate quantity of various physiological processes like photosynthesis, respiration, transpiration, translocation, catalyst reaction and cell prolixity happens at the same time. Moreover, increasing levels of water stress scale back growth and yield because of reduction in photosynthesis by low carbon dioxide convenience because of reduced stomata.
The present results are in harmony with those of El-Mekawy (2012) mentioned that the result of irrigation intervals on carbohydrates percentage of black cumin was reduced considerably by decreasing the soil wetness content as a results of increasing the irrigation intervals from two up to six days intervals. Rabia et al. (2013) found that the carbohydrates percentage of genus Echinacea purpurea L. considerably ablated as a response to the decrease in irrigation water amount and reached their minimum price beneath very cheap irrigation.
Soil water content inflated with inflated shade levels altogether cultivars. Possibly, shading reduced evaporative change demand and caused reduced transpiration, leading to faded soil water uptake by bell pepper (Moller et al., 2004 and Kittas et al., 2009 ). In unmulched soil, shading might conjointly scale back soil evaporation. A half-hour black shading web reduced radiation, wind speed, and water necessities and inflated irrigation water use potency in bell pepper (Moller and Assouline, 2007) . Similarly, in greenhouse-grown tomato (Solanum Lycopersicon L.), crop water use faded and water use potency inflated with shade level (Gent, 2008) . Shading conjointly reduces water necessities and will increase irrigation water use potency (Moller and Assouline, 2007) . Our results are in agreement with the previous studies, which indicated that the moderate shade levels (30-40%) failed to decrease average of leaf chlorophyll content considerably, that was favourable for bell pepper plant growth (Shahak et al., 2008 and Díaz-Pérez, 2013) . caudex caudex
